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SPECIFICATION 



TO ALL WHOM IT MAY . CONCERN : 

BE IT KNOWN THAT I, YUUKI INOUE , a citizen of 
Japan residing at Chiba, Japan have invented certain 
new and useful improvements in 

IMAGE PROCESSING METHOD, PROGRAM, COMPUTER READABLE 
INFORMATION RECORDING MEDIUM, IMAGE PROCESSING 
APPARATUS AND IMAGE FORMING APPARATUS 



of which the following is a specification:- 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an image 
processing method, a program, a computer readable 
information recording medium, an image processing 
apparatus and an image forming apparatus , whereby 
printing output color can be made approximately 
coincident among a plurality of color image forming 
apparatuses . 

2 . Description of the Related Art 
Recently, there are various types of color 

printers such as those in an ink jet type, a laser type, 
and so forth. However, since difference in ink or toner 
material or difference in reproduction color target 
among respective manufacturers may cause difference in 
color .reproduction even from a common input color among 
respective printers . 

Thereby, even if predetermined data is applied, 
which is already adjusted for achieving a desired color 
in an enterprise's logo or so with the use of an ink- j et 
type of color printer for example, to another color 
laser printer to print out the same logo, the color 
thereof resulting therefrom may become remarkably 
different from the original one. In such a case, it is 



necessary to perform an extra work to again adjust the 
original input data for the purpose of achieving the 
same desired color in the logo even with the use of the 
other color printer. 
5 Japanese Laid-open Patent Application No. 

2001-088364 discloses a method for solving this problem. 
According to this prior art, predetermined color chart 
images formed on respective recording medium papers by a 
color copier and a color printer are read by the color 

10 copier. Then, based on tone characteristics obtained 
from both the images, image correction characteristics 
in the color copier is set appropriately. Thereby, the 
color copier is made to simulate color reproduction 
characteristics of the color printer. Thereby, 

15 input/output tone characteristics of ink (toner) with 

respect to the respective four types of ink, i.e., cyan, 
magenta, yellow and black used in the ^original printer 
A' and the Sprinter B which will be made to represent 
the color of the printer A' are corrected so as to 

20 achieve representation of the color of the printer A by 
the printer B. 



25 



SUMMARY OF THE INVENTION 

In the above-mentioned method according to the 
prior art, correction is performed only on tone 
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characteristics in the ink (toner) . However, for 
example, when the color material of ink (toner) applied 
is changed, different color may occur even from the same 
tone value, and thus, only correction of tone 
5 characteristics regarded as device dependent color may 
not be sufficient for achieving same color reproduction 
with the use of a different color printer. Furthermore, 
according to the above-mentioned method in the prior art, 
correction of tone characteristics is performed with 

10 respect to each single color (cyan, magenta, yellow or 

black) of ink (toner) . However, color reproduction in a 
color printer generally employs a subtractive color 
mixing method of performing color reproduction by laying 
a plurality of colors of ink (toner) over each other 

15 according to an error diffusion method, a dither method 
or so. Thereby, a color obtained from the mixing 
depends on a form of the dither matrix applied therein 
and thus may differ even after each single color is 
properly corrected . 

20 Therefore, an object of the present invention 

is to provide an image processing method, a program, a 
. computer readable recording medium, an image processing 
apparatus and an image forming apparatus, whereby it 
becomes possible to positively represent color of one 

25 printer by another printer at high accuracy, even when 
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the color material applied differs therebetween. 

An image processing method according to the 
present invention includes the steps of: a) producing a 
plurality of color profiles provided for performing 
5 color conversion on input image information within a 

same color space or through different color spaces; and 
b) selecting one of the plurality of color profiles 
whereby color in an image formed by one of the plurality 
of image forming apparatuses may be approximately equal 

10 to color of an image formed by another of the plurality 
of image forming apparatuses . 

In this method, it is preferable that the step 
a) includes the step of actually measuring color of an 
image formed by one of the plurality of image forming 

15 apparatuses, and producing the color profile whereby 

color of an image formed by another of the plurality of 
image forming apparatuses may be approximately equal to 
the thus-measured color. 

Further, it is preferable that the step b) 

20 includes the steps of: b-1) inputting image data in an 

RGB color space; and b-2) selecting one of the plurality 
of color profiles provided for performing color 
conversion within the RGB color space whereby colors of 
images formed by first and second image forming 

25 apparatuses of the plurality of image forming 
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apparatuses may become approximately equal to one 
another . 

Furthermore, it is preferable that the step b) 
includes the steps of: b-1) inputting image data in an 
5 RGB color space; and b-2) selecting one of the plurality 
of color profiles provided for performing color 
conversion from the RGB color space to a CMYK color 
space whereby colors of images formed by first and 
second image forming apparatuses of the plurality of 
10 image forming apparatuses may become approximately equal 
to one another. 

Furthermore, the plurality of color profiles 
may be provided in a host computer, and the step b) may 
be performed by the host computer. 
15 Furthermore, the plurality of color profiles 

may be provided in an image forming apparatus, and the 
step b) may be performed by the image forming apparatus. 

Furthermore, it is preferable that color 
profiles selected in the step b) include a color profile 
20 whereby a color difference in a predetermined color 

space, which does not depend on apparatus types, between 
images formed by the respective image forming 
apparatuses may become minimum. 

It is also preferable that the color space is 
25 one which does not depend on apparatus types is any one 
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of an LAB color space, an XYZ color space and an LUV 
color space defined by CIE. The CIE is an abbreviation 
of International Commission on Illumination. As to this 
organization, see a homepage at a URL: 
5 http://www.cie.co.at/cie/home.html, on February 16, 2004. 

The step a) of selecting one of the plurality 
of color profiles to be actually applied may be 
performed externally of the relevant image forming 
apparatus . 

10 The step a) of selecting one of the plurality 

of color profiles to be actually applied may be 
performed from designating an image forming apparatus 
which is actually applied. 

It is also preferable that the color profile 

15 which effectively reduces a color difference between 

images in the predetermined color space which does not 
depend on apparatus types is created by the following 
steps: c) producing, in a computer, color patches from 
uniformly dividing a color space which depends on an 

20 apparatus type of a first image forming apparatus; d) 
obtaining corresponding color patches by forming an 
image from the first image forming apparatus according 
to color patch data produced by the computer in the step 
c) ; e) measuring coordinate values of the color patches 

25 obtained in the step d) in the predetermined color space 
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which does not depend on apparatus types: f) obtaining a 
relationship, for each color patch, between the color 
space which depends on the apparatus type of the first 
image forming apparatus and the predetermined color 
5 space which does not depend on apparatus types, based on 
a measurement result of the step e) ; g) obtaining a 
relationship between the predetermined color space which 
does not depend on apparatus types in an image formed by 
a second image forming apparatus and the predetermined 

10 color space which depends on an apparatus type of the 
second image forming apparatus; h) calculating a 
coordinate value in the color space which depends on the 
apparatus type of the second image forming apparatus for 
each color patch whereby color of an image formed by the 

15 second image forming apparatus has a color difference 
which is minimum with respect to color of an image 
formed by the first image forming apparatus, according 
to the relationship between the color space which does 
not depend on apparatus types in an image formed by the 

20 second image forming apparatus and the color space which 
depends on the apparatus type of the second image 
forming apparatus obtained in the step g) . 

It is possible to provide the present 
invention in a form of a program which causes a computer 

25 to execute the respective steps of the image processing 
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method mentioned above. 

It is also possible to provide the present 
invention in a form of a computer readable information 
recording medium which stores therein the above- 
5 mentioned program. 

An image processing apparatus according to the 
present invention includes: a part performing color 
conversion among a plurality of image forming 
apparatuses; and a plurality of color profiles whereby 
10 colors of images formed. by the respective image forming 
apparatuses become approximately equal to each other 
through color conversion performed by the part 
performing color conversion with the use of the color 
profiles . 

15 In the above-mentioned image processing 

apparatus, it is preferable that the plurality of color 
profiles are provided from actually measuring color of 
an image formed by one of the plurality of image forming 
apparatuses, and creating a color profile whereby color 

20 of an image approximately equal thereto is formed by 

another of the plurality of image forming apparatuses. 

Also it is preferable that the plurality of 
color profiles include color profiles whereby a color 
difference in a color space which does not depend on 

25 apparatus types between images formed by the image 
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forming apparatuses is effectively reduced. 

Also it is preferable that the color space 
which does not depend on apparatus types is any one of a 
LAB color space, an XYZ color space and an LUV color 
5 space defined by CIE. 

The above-mentioned image processing apparatus 
may be provided in a form of a printer driver provided 
in a host computer which outputs printing information to 
the image forming apparatus. 
10 The above-mentioned image processing apparatus 

may be provided in a form of a controller provided in 
one of the plurality of image forming apparatuses which 
forms an image having color which is made approximately 
equal to color of image formed by another of the 
15 plurality of image forming apparatuses with the use of 
the color profile. 

The plurality of color profiles may be 
provided in a controller in the image forming apparatus. 

The plurality of color profiles may include 
20 color conversion tables for performing color conversion 
in an RGB color space or conversion tables for 
performing color conversion from an RGB color space to a 
CMYK color space. 

It is also preferable that the above-mentioned 
25 image processing apparatus further includes a part for 
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selecting a color profile to be applied from among the 
plurality of color profiles. 

A host computer which provides printing 
information to the image forming apparatus may include 
5 the part for selecting a color profile to be applied 
from among the plurality of color profiles. 

An image forming apparatus according to the 
present invention includes: the image processing 
apparatus mentioned above; and an image forming part 
id which forms a visible image on a recording medium based 
on image information output from the image processing 
apparatus . 

The above-mentioned color space which does not 
depend on apparatus types is, for example, a LAB color 

15 space, an XYZ color space, an LUV color space or such 

defined by CIE mentioned above. Furthermore, the above- 
mentioned plurality of image forming apparatuses for. 
which colors formed thereby are made approximately 
coincident thereamong with respect to common input color 

20 according to the present invention may be a plurality of 
color printers in different types of printing mechanism, 
i.e., an ink jet type, a thermal type, an 
electrophotographic type, and so forth, those in the 
same printing mechanism but produced by different 

25 manufactures, those produced by the same manufacture but 



of different model numbers or such. 

According to the present invention, by 
applying a color profile provided for performing color 
conversion after appropriately adjusting it, it becomes 
possible to positively represent, by another printer, 
color output by one printer even they employ different 
color materials such as ink or toner, with respect to 
common input color information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and further features of the 
present invention will become more apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings: 

FIG. 1 shows a block diagram of a general 
color path in a general color printer which is basically 
applicable to an embodiment of the present invention; 

FIG. 2 illustrates a general concept of color 

matching; 

FIG. 3 illustrates a method for representing 
color of a printer A by a printer B according to the 
embodiment of the present invention; 

FIG. 4 shows, in one example, color patch data 
in case where an RGB color space is divided into five 
divisions; L, a, b values obtained from the printer A 
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when printing is performed with the use thereof; R, G, B 
values for the printer B; and R, G, B values for color 
simulation for obtaining the L, a, b values of the 
printer A from the printer B according to' the embodiment 
5 of the present invention; 

FIG. 5 shows a specific procesising procedure 
according to the embodiment of the present invention in 
a case where a color profile for RGB-to-RGB color space 
conversion is provided in a host computer, the color 
10 conversion is performed in a printer driver in the host 
computer, and the conversion result is sent to a 
printer; 

FIG. 6 shows a general configuration of an 
electrophotographic color printer having image forming 

15 units for four colors (cyan, magenta, yellow and black), 
applicable to the embodiment of the present invention; 

FIG. 7 shows a specific processing procedure 
according to the embodiment of the present invention in 
a case where a color profile for RGB-to-CMYK color space 

20 conversion is provided in a host computer, the color 

conversion is performed in a printer driver in the host 
computer, and the conversion result is sent to a 
printer ; 

FIG. 8 shows a specific processing procedure 
25 according to the embodiment of the present invention in 
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a case where a color profile for RGB-to-RGB color space 
conversion is provided in a printer, the color 
conversion is performed in a printer controller in the 
printer, and the conversion result is sent to a printer 
5 engine ; and 

FIG. 9 shows a specific processing procedure 
according to the embodiment of the present invention in 
a case where a color profile for RGB-to-CMYK color space 
conversion is provided in a printer, the color 
10 conversion is performed in a printer controller in the 
printer, and the conversion result is sent to a printer 
engine . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
15 An embodiment of the present invention will 

now be described with reference to figures. 

FIG. 1 illustrates a general color path in a 
general color printer in the related art. The color 
path shown is a color path in a general color printer 
20 for example running in a well-known Microsoft Windows 
(registered trademark) , and a similar color path is 
employed in various types of printers such as those in 
an ink jet type, a laser type or such. In a color 
printer having the color path mentioned above, data for 
25 which printing request is made by an application 
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software 100 according to the Windows -is transferred to 
an OS (operation system) of a computer PC in which the 
Windows runs, and then, the data is further transferred 
to a printer driver 120 . 
5 In the printer driver 120, a color adjustment 

unit 121 and a color matching unit 122 are provided. In 
the color adjustment unit 121, general color adjustment 
mechanisms concerning the entirety of an image such as 
those for chroma saturation adjustment, color balance 

10 adjustment, contrast adjustment and so forth are 

provided in a manner of being arbitrarily designateable 
by a user. The color matching unit 122 includes a 
plurality of color profiles 123 prepared, and, when any 
one thereof is designated, color matching processing 

15 according thereto is performed on given color image 
information. 

The data transferred to the printer driver 120 
from the application 100 is generally RGB 8-bit data, 
and the printer driver 120 executes designated color 

20 correction or color matching processing thereto. In 
this case, the color profile which the printer driver 
120 applies is a color profile for converting RGB data 
into RGB data (RGB to RGB) , However, it is also 
possible to provide a configuration there such that the 

25 above-mentioned color correction or color matching 
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processing may be actually executed in the color printer 
PR itself instead of in the host computer PC. 

Then, the printer driver 120 transfers the RGB 
S-bit data for which it has executed color conversion 
5 with reference to the color profile 123 to a printer 
controller 130 in the printer PR via a communication 
device 140 such as an Ethernet (registered trademark) or 
such. The printer controller 130 in the printer PR 
converts the thus-received RGB 8-bit data into CMYK 8- 

10 bit data in a CMYK color space which is a color space of 
the printer PR (specifically, in a printer engine 134 
thereof), via a K generation unit 131. The K generation 
unit 131 employs well-known BG/UCR technology, GCR 
technology or such and converts given color information 

15 in the RGB color space into one in the CMYK color space. 
Then, a y conversion unit 132 employs a y curve (y table) 
132a set for performing tone adjustment for each 
particular printer engine actually applied, for the CMYK 
data converted from the RGB data by the K generation 

20 unit 131, and thus executes y conversion thereto. 

Finally, in order to enable outputting of the 
thus-obtained CMYK data with the use of the printer 
engine 134 which has performance for tone expression 
only in one bit, a tone conversion unit 133 in the 

25 printer PR converts the given CMYK 8-bit data into CMYK 
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1-bit data with the use of an error diffusion method, a 
dither method or such. There, for example, the 
conversion is performed with reference to a 
predetermined dither pattern 133a. The printer engine 
5 134 in the printer PR uses the thus-provided CMYK 1-bit 
data, forms an image based thereon, and thus, prints out 
the image on a recording medium such as a paper. 

As may be seen from the configuration of the 
above-discussed color path, a difference in color output 

10 from such a printer even from common color information, 
which may occur among individual products of color 
printers, may occur due to various factors such as a 
difference in color of ink (toner) itself applied, a 
difference in the y curve, a difference in the color 

15 matching processing details, a difference in the dither 
processing details, a difference in the printer engine 
performance details, or those resulting from a 
manufacture/fabrication error, an aging factor or so, in 
a manner of combination thereof. According to Japanese 

20 Laid-open Patent Application No. 2001-088364 mentioned 
above, a correction of the y curve is applied, and, it 
can be said that, according to this prior art, in order 
to achieve accurate representation of color of the 
printer A from the printer B, a correction is made on 

25 input/output characteristics for each of inks (toners) 
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of cyan (C) , magenta (M) , yellow (Y) and black (K) in 
the y conversion unit 132. 

In other words, according to this prior art, 
for example, in the printer driver 120 in the computer 
5 PC mentioned above, upon transferring input RGB data to 
the printer PR, color conversion is performed with the 
use of the color profile 123, the thus-obtained color- 
converted RGB data is transferred to the K generation 
unit (CMYK conversion unit) 131, and then, tone 

10 conversion is performed by the y conversion unit. There, 
correction is made such that a color difference between 
respective printers is eliminated . by correction in the 
tone conversion performed in the y conversion unit 132. 
In contrast thereto, according to the embodiment of the 

15 present invention, instead of the tone conversion in the 
y conversion unit 132, the color profile 123 is applied 
for the purpose of correcting given color information so 
as to eliminate difference between the respective 
printers . 

20 The color profile and color matching applied 

in a color reproduction method according to the 
embodiment of the present invention are next described 
in detail. Generally speaking, in color reproduction in 
such a color printer, which is different from color 

25 reproduction in a copier in which color produced should 
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be aimed to the color in the original, a target in color 
to which color reproduced is aimed is vague by nature. 
However, recently, a method of color reproduction of a 
so-called sRGB monitor which represents a color 
5 reproduction range of a general CRT monitor has been 

applied in general also in color printers. To reproduce 
color in a CRT monitor as an output of a printer in such 
a manner is called 'color matching', and a data file of 
a color conversion table used in the color matching is 

10 called ^color profile'. 

FIG- 2 illustrates a general concept of the 
color matching. A CRT monitor is a device displaying 
RGB data by controlling an electron beam strength 
applied to phosphor dots on a monitor surface according 

15 to given data from a computer, for example. However, 

since the phosphor material applied there or such may be 
different for each CRT monitor product, color output by 
a CRT monitor may differ for each product thereof by 
nature, strictly speaking. The above-mentioned sRGB 

20 monitor (standard RGB monitor) 21 is one which defines a 
color reproduction range which a general CRT monitor can 
reproduce as mentioned above, and here, an ^ sRGB monitor 
profile 24' is assumed as one providing a relationship 
between an 'RGB color space' which is a color space 

25 depending on a device of the sRGB monitor 21 and a 
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^L*a*b* (XYZ) color space' which is a color space not 
depending on the device. 

A printer profile 25 is also assumed as one 
providing a relationship between the a color space of 
5 the monitor 21 or such and a color space depending on 
the device of a printer 23. Actually, the printer 
profile 25 is made of a color conversion table for 
mapping the above-mentioned L*a*b* (XYZ) color space 
which is a device non-dependent color space of the sRGB 

10 monitor 21 or an RGB color space which is a device 
dependent color space of the sRGB monitor to an RGB 
(CMYK) color space which is a device dependent color 
space of the printer 23. 

The color matching means, as described above, 

15 to achieve matching in color coordinates between 

different color spaces belonging to respective ones of 
the monitor 21 and the printer 23. In this case, it is 
possible to select one of several specific ways as to 
how to achieve the matching. These several ways are 

20 called ^rendering indents'. In case of color matching 
between the monitor 21 and the printer 23, the color 
space of the monitor 21 is much wider than the color 
space of the printer 23 in almost all part thereof, in 
general. Accordingly, it is not possible to represent 

25 all the colors of the monitor by the printer, strictly 



speaking. Therefore, actually, it is necessary to map 
the wider color space of the monitor 21 to the color 
space of the printer 23. A specific method of how to 
achieve this mapping depends on particular ones of the 
above-mentioned rendering indent applied. 

For example, for ColorSync (registered 
trademark) which is in charge of color matching in a 
system of the well-known Apple (registered trademark) or 
ICM which is in charge of color matching in a system of 
the above-mentioned Windows, the following four 
rendering indents are prescribed: 

1) Perceptual; 

2) Saturation; 

3) Relative Colorimetric ; and 

4) Absolute Colorimetric. 

According to the embodiment of the present 
invention, the relevant processing is appropriately 
controlled with the use of the color profile 123 
provided for performing the color matching in the 
printer driver 130 as mentioned above, for achieving 
accurate reproduction of the output color of the printer 
A, from the printer B. That is, according to the. 
printer profile, i.e., the color profile 123 in the 
embodiment of the present invention, by mapping the 
color space of a target (the sRGB monitor 21 in the 
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above-mentioned example) to the color space of the 
printer engine 23, the target color is made reproducible 
by the printer 23: Further specifically, in the 
embodiment, as the target, instead of the sRGB monitor 
5 21, the color space of the printer A is designated, and 
thereby, the color of the printer A is made reproducible 
from the printer B. 

In order to achieve coincidence in color 
between these different printers, a configuration of a 

10 color conversion table of the color profile 123 is 

effective. According to the embodiment of the present 
invention, a form of a lookup table is employed, where 
output values are described for respective ones of 
equally arranged input values. As the color conversion 

15 table, not only one for color space conversion of ^a 

device non-dependent color space to a device dependent 
color space' such as 'L*a*b* to RGB', 'XYZ to RGB' or 
such, but also one for color conversion of ^a device 
dependent color space to a- device dependent color space' 

20 such as ^ RGB to RGB', ^ RGB to CMYK' or such, may be 
applied . 

In case of handling 8-bit color data, a color 
conversion table for RGB 256 tone values is needed. 
However, in this case, the data size thereof becomes 
25 very large (256 x 256 x 256) . Therefore, commonly, in 
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many cases, data is extracted in a manner of skipping 
equal number of data each time, and, for the remaining 
data, interpolation processing or such may be applied to 
calculate. In order to simplify description of a basic 
5 principle of the embodiment of the present invention, a 
method is next described with the use of an example in 
which, a color space conversion table of ^RGB to RGB (or 
CMYK) ' is applied, and the color of the printer A is to 
be reproduced from the printer B, with reference to FIG. 
10 3. 

First, color patches obtained from dividing 
the relevant RGB color space equally are created with 
. the use of predetermined graphic application software in 
the computer PC shown in FIG. 1. The color patches 

15 amount to 125 patches in a case where the RGB space is 
divided equally by five, to 729 patches in a case of 
divided by nine, or to 4913 patches in a case of divided 
by seventeen. More the number of patches applied amount 
to, the number of available colors increases, and thus, 

20 the accuracy in color reproduction increases. Normally, 
729 patches obtained from dividing by nine are output by 
the printer, and then, based on actually measured values 
thereof, values corresponding to 4913 patches of being 
divided by seventeen are finally generated, and thus, 

25 are actually used, in many cases. Here, as shown in FIG. 
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4, left end, RGB values (COLOR PATCH (INPUT VALUES FOR 
PRINTER A) ) or color patch data obtained from dividing 
the RGB space by five are applied. Thus, in this 
example, as shown, the RGB color space is equally 
5 divided by five and thus total 125 color patches are 
created. 

The thus-obtained color patch data is output 
from the computer PC to the printer A 31 (Step SlOl in 
FIG. 3) ,. L*a*b* (or XYZ) values (which is those in a 

10 device non-dependent color space) of color patches 32 

printed out from the printer A accordingly are measured 
by a commercially available color measurement equipment 
in Step S102. For example, a device in a type DTP41 or 
a type 938 made by X-Rite Co., Ltd. may be used as the 

15 color measurement equipment. Then, with the use of the 
thus-obtained measured values, correspondence 
relationship of 'RGB to L*a*b* (XYZ) ' for each color 
patch for the printer A, i.e., a relationship between 
the device dependent RGB color space (color space in the 

20 input color) and the device non-dependent L*a*b* (XYZ) 
color space (color space of color in the state of 
printed out on a paper) is obtained in Step S103 in FIG. 
3. In other words, in FIG. 4, a relationship between 
the 'COLOR PATCH' R, G, B and the ^MEASURED VALUES ON 

25 OUTPUT MATTER FROM PRINTER A' is obtained. 
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Next, from the printer B 33, a printer 
simulator which represents a relationship of ^L*a*b* 
(XYZ) to RGB (CMYK) ^ is obtained in Step S106. This 
relationship corresponds to a relationship between the 
5 'MEASURED VALUES ON OUTPUT MATTER FROM PRINTER A' 

(center left) and 'COLOR SIMULATION RGB VALUE' (right 
end) in FIG. 4. How to create this printer simulator is 
next described. 

First, from the printer B, predetermined color 

10 patches including mixed colors for which RGB (CMYK) 

values are known are printed out in Step S104, and, for 
the color patches thus obtained on the printed matter, 
L*a*b* (or XYZ) values (device non-dependent colors) are 
measured by a commercially available color measurement 

15 equipment such as that mentioned above, in Step S105. 

Thus, a relationship of ^ RGB (CMYK) to L*a*b* (XYZ)' is 
obtained for the printer B. Based thereon, with the use 
of known technology such as a so-called neural network 
method, the above-mentioned printer simulator 

20 representing a reverse relationship of ^L*a*b* (XYZ) to 
RGB (CMYK) ' is established in Step S106, The printer 
simulator is a tool which is used for obtaining as to 
which color should be applied as an input RGB value for 
obtaining any output L* , a*, b* values, from the 

25 relationship between input RGB values and output L*a*b* 
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values obtained from the above-mentioned color 
measurement. A basic concept of this printer simulator 
and a general method for establishing such a printer 
simulator are well-known, and the details of the method 
5 of establishing the printer simulator are omitted. 

In the example shown in FIG. A, RGB values to 
be applied in the printer B is obtained such that, 
therewith, the ^MEASURED VALUES ON PRINTED MATTER OF 
PRINTER A' (center left) may be obtained as measured 

10 values on a printed matter from the printer B. The 

^ORIGINAL VALUES IN PRINTER B' (center right in FIG. 4) 
are values applied in the printer B via the original 
printer profile which does not include any color 
adjustment for achieving color originally obtained from 

15 the printer A, with respect to the color patches at the 
left end shown in FIG. 4. 

Specifically, description is next made with 
respect to the color patch number 2 (second line in the 
table show in FIG. 4), for example. As shown in FIG. 4, 

20 the values R, G, B applied in the printer A are (0, 0, 
64) , and the output measured values L, a, b therefrom 
are (20.61, -0.82, -31.31). On the other hand, with 
respect to the same color patch number 2, the original 
output values R, G, B applied to the printer B are (1, 

25 30, 81) , and, the above-mentioned measured values L, a. 
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b = (20.61, -0.82, -31.31) obtained from the printer A 
cannot be obtained due to some reason such as a 
difference in printing way, a difference in color 
material or such between these two printers A and B. 
5 Accordingly, it is necessary to change the output RGB 
values in the printer B so as to adjust the resulting 
measured values obtained from the printer B for the 
measured values originally obtained from the printer A. 

As a result of the above-mentioned adjustment, 

10 the ^COLOR SIMULATION RGB VALUES', i.e., R, G, B = (2, 
60, 143) at the right end of FIG. 4 are obtained. That 
is, with respect to the color patch number 2 for example, 
R, G, B = (2, 60, 143) thus obtained should be applied 
for printing out the equivalent color from the printer B, 

15 instead of R, G, B = (1, 30, 80). Thereby, the printed 
output measured values similar to the values L, a, b = 
(20.61, -0.82, -31.31)) in the ^MEASURED VALUES ON 
OUTPUT MATTER FROM PRINTER A' at the center left of FIG. 
4 are obtained also from the printer B. 

20 Thus, in the printer B, by converting the 

input color patch values R, G, B = (0, 0, 64) which are 
originally applied in the printer A into the thus- 
obtained ^ COLOR SIMULATION RGB VALUES' R, G, B = (2, 60, 
143) , the printed output measured values similar to 

25 those originally obtained from the printer A can be 



obtained also from the printer B. Thus, the step S107 
in FIG. 3 is a step of obtaining a correspondence 
relationship between the color patch RGB values at the 
left end in FIG. 4 and the color simulation output RGB 
5 values at the right end of FIG. 4, and, in the 

embodiment of the present invention, the color space 
conversion function achieving color conversion according 
to the above-mentioned correspondence relationship is 
added to the color profile of the prior art (in the 

10 color profiles 123 in FIG. 1). As a result, in FIG. 1, 
even in a case where the printer B is connected with the 
host computer PC instead of the printer A as the printer 
PR, input color information same as that used for the 
printer A can cause the printer B to print out color 

15 approximately same as that originally printed out by the 
printer A as a result since the printer driver 120 
performs color space correction processing according to 
the color space conversion function thus added to the 
color profile 123 so as to adjust the input color 

20 information so that the color approximately same as the 
color of the printer A should be obtained also from the 
printer B. 

In other words, reproduction of color of the 
printer A from the printer B can be achieved by causing 
25 the device non-independent color space ^L*a*b* (XYZ) ' 
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printed out by the printer A 31 in response to the color 
patches to be also printed out by the printer B 33. For 
this purpose, the relationship from RGB to L*a*b* (XYZ) 
in the printer A 31 obtained as mentioned above (S103) 
5 and the printer simulator of the relationship from 
L*a*b* (XYZ) to RGB (CMYK) in the printer B 33 also 
obtained as mentioned above (S106) by the process 
described above with reference to FIG. 3 are used. The 
printer simulator is obtainable by an algorithm of 

10 calculation for satisfying color difference minimum 
requirements for obtaining RGB (CMYK) values to be 
applied to the printer B 33 for causing the printer B 32 
to print out color values approximately equal to L*a*b* 
(XYZ) values reproduced by the printer A 31 from each 

15 same color patch finally in Step S107 in FIG. 3. As a 
result, it is possible to obtain a conversion table of 
"RGB to RGB (CMYK) ' including a function of enabling 
reproduction df color of. printer A from the printer B 
even with the same input color information. The 

20 function of this conversion table is the function which 
should be added to the color profiles 123 of the prior 
art as mentioned above which originally includes a 
function of color conversion from the color space of the 
monitor into the color space of the printer as mentioned 

25 above. 
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FIG. 5 shows a specific processing procedure 
in case where, as shown in FIG. 1, the color profiles 
123 are provided in the host computer PC, color 
conversion is performed by the printer driver 120 in the 
5 host computer PC, and a result thereof is then 

transmitted to the printer PR. In the processing shown 
in FIG. 5, data is transferred from the application 100 
to the printer driver 120 in Step S201. In the printer 
driver 120, the data is converted into a printer 

10 language for the printer PR in Step S202, and also, 

color matching is performed with the use of the color 
profile 123 in Step 3203. The printer profile selected 
in the above-mentioned matching unit 122 (not shown in 
FIG. 5) in the printer engine 120*, i.e., the color 

15 profile 123 converts color in the monitor's RGB color 
space into the printer's RGB space, and includes the 
function of correction in printing output color between 
the printers A and B (for the above-described color 
adjustment processing for achieving output of color of 

20 the printer A from the printer B) added thereto as 
mentioned above. 

Then, the RGB data having undergone the color 
conversion as mentioned above including the above- 
described color adjustment processing for achieving 

25 output of color of the printer A from the printer B in 
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the printer driver 120 is then transferred to the 
printer PR. At this time, in the K generation unit 
(BG/UCR unit) 131 in the printer controller 130, the RGB 
data having undergone the color conversion with the 
5 color profile 123 is then converted into CMYK data in 
Step S204. Then, y conversion and tone conversion are 
performed in the y conversion unit 132 and the tone 
conversion unit 133 , respectively, as mentioned above, 
in Steps 8205 and S206. After that, the CMYK data is 

10 transmitted to the printer engine 134 which actually 

performs printing out of an color image according to the 
given CMYK data. 

In the example shown in FIG. 5, a user or a 
service staff may designate the color profile 123 from 

15 among the plurality of color profiles 123 suitable to 

the printer engine 134 actually applied, i.e., according 
to the type or the printing way of the printer, which is 
actually applied for printing out a desired color image 
therewith, such that the thus-selected color profile 123 

20 enables minimization of color difference between the 
respective printers. It is possible that the host 
computer PC has a function such that the optimum color 
profile 123 is automatically selected upon designation 
input made by the user or the service staff for a 

25 particular type of the printer PR or the printer engine 
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134 actually applied. If such a function is provided in 
the host computer PC, the user or the service staff 
merely needs to designate a particular type of the 
printer PR or the printer engine 134 actually applied 
5 instead of actual designation of the color profile 123 
directly. In such a case, the designation by the user 
or the service staff is performed in a manner such that 
selection is made from among a list of various types of 
printers previously prepared. 

10 Alternatively, it is also possible that 

actually color patches are printed out by the currently 
applied printer as described above with reference to FIG. 
3, the thus-printed-out color patches are actually 
measured by a color measurement equipment, and, based 

15 thereon, the host computer PC executes the processing 
such as that of the above-mentioned steps SlOl through 
S107 with the use of predetermined application software 
so as to produce a color profile by which the currently 
applied printer or the printer engine outputs color 

20 equivalent to that of another printer or printer engine 
which was applied originally. 

The printer engine 134 can be embodied by an 
image forming apparatus of a printer which performs 
image formation with four colors (cyan, magenta, yellow 

25 and black) as shown in FIG. 6. FIG. 6 illustrates one 
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example of a printer in an electrophotographic type 
having an image forming unit of the four colors. As 
shown, the printer includes an image forming unit, a 
writing unit, a transfer unit, a fixing unit, a paper 
5 feeding unit, a double-side paper feeding unit and a 
paper ejecting unit. The writing unit includes a 
photosensitive belt 215, a charging unit 205 which 
electrically charges the photosensitive belt 215, a 
developing unit 202 including a magenta developer 202M, 

10 a cyan developer 202C^ a yellow developer 202Y and a 
black developer 202K forming latent images of the 
respective colors, a cleaning unit 203 which removes 
residual toner from the photosensitive belt 215, and a 
electricity removal unit 204 which removes the 

15 electricity from the photosensitive belt 215 so as to 

make the photosensitive belt 215 usable in a subsequent 
developing cycle. 

The writing unit 201 includes an image 
processing circuit, an optical system including two 

20 laser diodes and a polygon mirror, and a synchronization 
detection unit performs optical writing or exposure onto 
the photosensitive belt 215 electrically charged by the 
charging unit 205, and thus, forms latent images of the 
respective colors thereon. 

25 The transfer unit includes an intermediate 



-34- 



transfer belt. 206, a first transfer brush 208 which 
transfers a toner image from the photosensitive belt 215 
to the intermediate transfer belt 206, a second transfer 
roller 210 which transfers the toner image once 
5 transferred to the intermediate transfer belt 206 then 
to a paper sheet (transfer material) and a cleaning 
brush 207 which removes residual toner. The fixing unit 
includes a fixing belt 211 provided on the paper 
conveyance downstream side with respect to the second 
10 transfer roller 210, and fixes the full color toner 

image already transferred on the paper sheet by pressure 
and heat. 

The paper feeding unit includes a paper 
feeding tray 209 which contains paper sheets to be used 

15 for forming images thereon, paper feeding rollers 216 

which draw the paper from the paper feeding tray 209 and 
feeds it toward a conveyance path 218, conveyance 
rollers 217 conveying the paper along the conveyance 
path 218 and registration rollers 219 which feeds out 

20 the paper in a timing in which the front edge of the 

image on the intermediate transfer belt 20 6 comes at a 
second transfer part in which the second transfer roller 
210 is provided. The double-side paper feeding unit 221 
includes a branch unit 212 and a switch back path 222.. 

25 The branch unit 212 has a branch nail, and performs 
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switching of a conveyance direction for the paper on 
which the image was fixed between a conveyance path for 
conveying the paper toward the paper ejecting unit and a 
conveyance path for conveying the paper toward a double- 
5 side unit 221. The double-side unit 221 includes a 
paper conveying path 223 for conveying the paper from 
the branch unit 212 to the switch back path 222, a 
switch back roller 224 performing switch back operation 
of the paper conveyed from the switch back path 222, and 

10 a conveyance path 22 6 for providing the paper again 
toward the second transfer roller 210 via the branch 
nail 225 from the switch back roller 224. The paper 
conveyance path 22 6 conveys the paper which was inverted 
by the double-side unit to a nip part of the 

15 registration rollers 219. In the paper conveyance path 
226, a plurality of paper conveyance roller pairs 227 
are provided for conveying the paper appropriately along 
the paper conveyance path 226. The paper ejecting unit 
includes a paper ejection tray 228 and paper ejection 

20 rollers 229 which ejects the paper to the ejecting tray 
228 from the branch unit 212. 

The printer configured as described above 
operates as follows: Latent images are formed on the 
photosensitive belt 215 by a laser beam emitted by the 

25 writing unit 210, and the magenta, cyan, yellow and 
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black developers 202M, 202C, 202y and 202B develop the 
latent images with the toners of the respective colors 
on the belt. The charging unit 205, the electricity 
removing unit 204 and the cleaning belt 203 perform 
5 electricity charging, removing the charges, and cleaning 
the photosensitive belt 215, respectively. After that, 
the intermediate transfer belt 206, the cleaning brush 
roller 207 and the first transfer brush 208 perform 
intermediate transfer of the toner images to the 

10 intermediate transfer belt 206. Then, the toner images 
on the intermediate transfer belt 206 are transferred to 
the paper drawn out from the paper feeding tray 209 by 
the second transfer roller 210, and thus , finally the 
full color image is formed on the paper. The image thus 

15 formed on the paper is fixed thermally by the fixing 

unit 211, the paper passes through the branch unit 212, 
and then, is ejected either to the ejecting tray 228, or 
to the double-side unit 221, in the apparatus 
configuration shown in FIG. 6. By a series of these 

20 operations, printing out is performed based on printing 
data provided from the host computer PC via the printer 
controller 130. 

Although the electrophotographic type of 
printer has been descried, another printer including any 

25 other well-known type of printer engine may be applied 
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instead, such as an ink jet type one or such. 

Thus, in the example shown in FIG. 5, the user 
or the service staff designates appropriate one of the 
^RGB to RGB' color profiles 123 for the printer engine 
5 134 of the actually applied printer PR, on the host 

computer PC according to the type or the printing way of 
the relevant printer engine 134. Then, based on the 
thus designated color profile 123, monitor color 
information in the sRGB monitor 21 of the host computer 

10 PC is converted into printing color information suitable 
for the printer PR actually applied. The color 
conversion thus performed includes color correction 
between the respective printers mentioned above, and 
thereby, it becomes possible to print out desired color 

15 regardless of the particular type or printing way of the 
printer actually applied. 

Although FIG. 5 illustrates an example in 
which 'RGB to RGB' color profiles 123 are provided in 
the printer driver 120 in the host computer PC, it is 

20 also possible that color profiles provided are those of 
'RGB to CMYK'. In this case, since the printer driver 
120 performs color conversion from RGB to CMYK, the 
printer controller 130 should not perform 'RGB to CMYK' 
color conversion. FIG. 7 shows this example. 

25 As shown in FIG. 7, 'RGB to CMYK' color 



profiles 123 are provided in the printer driver 120 as 
mentioned above, and data is transferred from the 
application 100 to the printer driver 120 in Step S301. 
In the printer driver 120, the data is converted into a 
5 printer language for the printer PR in Step S302, and 
also, color matching is performed with the use of the 
color profile 123 in Step S303. The printer profile 
selected in the above-mentioned matching unit 122 in the 
printer driver 120 is the color profile for performing 

10 color conversion from RGB color space to CMYK color 
space, and, the same as the above, the color profile 
includes the function of adjustment of printed color 
between the respective printers, added thereto. 

Then, the CMYK data having undergone the cdlor 

15 conversion as mentioned above including the above- 
described color adjustment processing for achieving 
output of color of the printer A from the printer B in 
the printer driver 120 is then transferred to the 
printer PR. In this case, since it is not necessary to 

20 perform color conversion to CMYK data with the use of 

the K generation unit (BG/UCR unit) 131, the given data 
is transferred to the Y conversion unit 132 as it is, 
which then performs y conversion on the given data in 
Step S304. Then, after that, the tone conversion unit 

25 133 performs tone conversion on the given data in Step 
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S305. After that, the CMYK data is transmitted to the 
printer engine 134 which then performs actual' printing 
out of an color image according to the given CMYK data. 

FIG. 8 shows another example in which the 
5 color profiles 123 for color conversion from RGB to RGB 
are provided in the printer PR. In this case, data is 
transferred from the application 100 to the printer 
driver 120 in Step S401. In the printer driver 120, the 
data is converted into a printer language for the 

10 printer PR in Step S402. After that, the thus-obtained 
RGB color data representing color in the monitor space 
is transferred to the printer controller 130 in the 
printer PR from the host computer PC. In the printer 
controller 130, color matching is performed with the use 

15 of color profile 123 in Step S403. In the color 

matching in Step S403, one of the plurality of color 
profiles 123 for RGB to RGB is selected according to 
instructions given via the host computer PC according to . 
the printer engine 134 actually applied, whereby the 

20 given RGB data is converted into RGB data corresponding 
to the printer engine 134 of the printer PR. The color 
profile selected there includes the function of 
correction in printing output color between the 
respective printers (for the above-described color 

25 adjustment processing for achieving output of color of 
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the original printer A from the newly applied printer B, 
for example) added thereto as mentioned above. Thereby, 
it is possible to achieve printing out of color which is 
approximately same as that obtained from another 
5 original printer. 

Then, the RGB data having undergone the color 
conversion as mentioned above including the above- 
described color adjustment processing for achieving 
output of color of the original printer from the current 

10 printer is then transferred to the K generation unit 
(BG/UCR unit) 131. The RGB data having undergone the 
color conversion with the color profile 123 as mentioned 
above is then converted into CMYK data in Step S404 in 
the K generation unit 131. Then, y conversion and tone 

15 conversion are performed in the y conversion unit 132 
and the tone conversion unit 133, respectively, as 
mentioned above, in Steps S405 and S406. After that, 
the CMYK data is transmitted to the printer engine 134 
which performs actual printing out of color image 

20 according to the given CMYK data. 

Although FIG. 8 illustrates an example in 
which 'RGB to RGB' color profiles 123 are provided in 
the printer controller 130 in the printer PR, it is also 
possible that color profiles provided there are those of 

25 'RGB to CMYK'. In this case, as shown in FIG. 9, since 
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the color correction performed according to the color 
profile 123 includes color conversion from RGB to CMYK, 
the K generation unit 131 becomes unnecessary. 

In the case of FIG. 9, data is transferred 
5 from the application 100 to the printer driver 120 in 
Step S501. In the printer driver 120, the data is 
converted into a printer language for the printer PR in 
Step S502, and after that, the data thus obtained which 
is RGB color data representing color of the monitor 

10 space is transferred to the printer controller 130 in 

the printer PR from the host computer PC. There, color 
matching is performed with the use of the color profile 
123 in Step S503 . The printer profile selected in the 
above-mentioned matching unit 122 (not shown in the 

15 figure) provided in the printer . controller 130 in this 
case is the color profile for performing color 
conversion from RGB color space to CMYK color space, and, 
the same as the above, the color profile includes the 
function of correction of printed color between the 

20 respective printers, added thereto. Then, the CMYK data 
having undergone the color conversion as mentioned above 
including the above— described color adjustment 
processing for achieving output of color of the original 
printer from the current printer in the color matching 

25 unit 122 is then transferred to the y conversion unit 
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132, which then performs Y conversion on the given data 
in Step S504. Then, after that, the tone conversion 
unit 133 performs tone conversion on the given data in 
Step 8505. After that, the CMYK data is transmitted to 
5 the printer engine 134 which then performs printing out 
of color image according to the given CMYK data. 

As the printer profiles 123 prepared for RGB 
color data of the above-mentioned sRGB monitor, a 
plurality of color profiles 123 which include the above- 

10 mentioned inter-printer output color correction 
functions are previously provided according to 
respective machine types and printing ways of printers 
or printer engines . When actually printing out a color 
image from the printer B, a user selects an appropriate 

15 one from among the plurality of color profiles, the 

thus-selected color profile being then applied. Thus, 
the user needs only to select the color profile 123 from 
the host computer PC, and thus, it becomes possible that 
color of the printer A is reproduced from the printer B 

20 with a simple operation. 

The procedures described above with reference 
to FIGS. 5, 7, 8 and 9 are embodied in a form of 
programs executable by a computer, which programs are 
installed into the host computer or into the printer 

25 controller from a predetermined recording medium such as 
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a CD-ROM, or downloaded from a predetermined server via 
a communication network such as the Internet, a LAN or 
such. Then, the thus-installed program is executed by 
the host computer or the printer controller. By these 
5 procedures thus executed, in the relevant printer system, 
even when the type of the printer or such is changed, it 
becomes possible to reproduce color equivalent to color 
obtained before as mentioned above. 

Even specific details are omitted for a method 

10 or a device for establishing the printer simulator, a 
method or a device for creating the color profile 
. enabling minimization of color difference, or such, 
these can be achieved with the use of well-known arts. 

Thus, according to the embodiment of the 

15 present invention, from among a plurality of color 

profiles prepared for a plurality of different printers 
for performing color conversion of color information 
within a same color space or through different color 
spaces, a color profile 123 such that printing output 

20 color becomes approximately equal between the printer A 
and printer B, is selected. Then, based on the thus- 
selected color profile 123, input color information is 
converted or adjusted, and the thus-obtained color 
information is provided to the. printing device or the 

25 printer engine. As a result, it becomes possible to 
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obtain color approximately equal to color of the printer 
A even from the printer B. 

At this time, a color profile 123 is selected 
from among a plurality of color profiles performing 
5 color conversion between RGB color spaces, whereby 
printing output color becomes approximately equal 
between the printer A 31 and the printer B 33, or, a 
color profile 123 is selected from among a plurality of 
color profiles performing color conversion from an RGB 

10 color space into a CMYK color space, whereby printing 
output color becomes approximately equal between the 
printer A 31 and the printer B 33. As a result, color 
conversion corresponding to a particular color space can 
be obtained, and thus, it becomes possible to achieve 

15 color printing output having color equal among a 

plurality of printers regardless of a particular type of 
color space to be actually applied. 

Thereby, it becomes possible to achieve color 
matching up between the printer A 31 and the printer B 

20 33 only by selecting an appropriate color profile 123 

from the host computer PC without the need to change the 
configuration of the printer PR, or by selecting an 
appropriate color profile 123 from the printer PC 
without regard to the configuration of the host computer 

25 PC. 
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Further, when performing color conversion for 
obtaining color from the printer B approximately equal 
to color originally obtained from the printer A, since a 
plurality of color profiles are prepared for obtaining 
5 color printing output having color approximately equal 
between the printers A and B, it becomes possible to 
achieve color printing output having color which is made 
approximately equal to that of the other printer easily 
at high accuracy. At this time, since these color 

10 profiles are those enabling minimization of color 

difference in a color space which does not depend from 
devices, it becomes possible to achieve color printing 
output well adjusted between the respective printers in 
a range of a minimized color difference at high accuracy 

15 by setting the profile. Selection of the color profile 
123 may be made from the host computer PC directly or 
indirectly via designation of a particular printer type 
or such by a user,, thus operation needed becoming easer, 
and also, it is possible to adjust color while 

20 confirming by human eyes. Accordingly, it becomes 
possible to achieve color output according to human 
sense. In other words, it is possible to select an 
appropriate color profile by which color for which the 
operator feels it is most equivalent to the original one. 

25 Thus, according to the embodiment of the 
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present invention, (i) since color matching is performed 
in a color space of device non-dependent color, it 
becomes possible to reproduce color of the printer A 
from the printer B more positively; (ii) since matching 
5 is performed throughout all the color space including 

color mixture, it becomes possible to reproduce color of 
the printer A from the printer B more accurately; (iii) 
even when difference in color material of ink (toner) 
exists which cannot be well eliminated only by 

10 correction with respect to respective single colors of 
CMYK, it becomes possible to achieve color output which 
is closer to the original color according to the 
embodiment of the present invention employing a method 
of directly minimizing color difference more preferably 

15 in the device non-dependent color space; and (iv) 

thereby, it becomes possible to obtain color output from 
another printer equivalent to color output from one 
printer even these printers have different machine types, 
. or employ different printing ways or different color 

20 material . 

Further, the present invention is not limited 
to the above-described embodiments, and variations and 
modifications may be made without departing from the 
basic concept of the present invention claimed. 
25 The present application is based on Japanese 
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priority applications Nos . 2003-076154 and 2004-50207, 
filed on March 19, 2003 and February 25, 2004, 
respectively, the entire contents of which are hereby 
incorporated by reference. 



